The antibiotic producing bacterium, Bacillus subtilis (Ehrenberg) Cohn strain F-29-3, was subcultured on nHA medium (yeast extract 4, malt extract 10, n-glucose 4, agar 20, H2O 1 liter, pH 7.5) incubated for at least 2 days at 37°C and stored at room temperature (22-26°C) for 2. 8 weeks.
The bacterial growth of one slant was suspended in H2O (8 ml). 100 ml culture media (SMU, ACS) were inoculated with the bacterial (spore) suspension (1 ml) and incubated on a shaker (120 rpm, 25 mm radius of the circular movement) at 27°C for 24 hours. The culture was used as inoculum for fermentation cultures (fermentor type b 25, Giovanola Freres SA, Monthey, Switzerland; 12.5 liters air/minute, 800 rpm, 28°C). The fermenter cultures were harvested after 7 days (SMU) or 5 days (ACS).
Isolation of Fengycin
Step1*: The fermentation broth (10 liters) was adjusted with 5 N HCI to pH 2.5. The precipitate was separated by centrifugation (8,000 rpm, 10 minutes (supernatant discarded)) and extracted with 1 liter of EtOH 95 %. The extraction was repeated with aq EtOH 70 % (1 liter).
Step 2: The pooled extracts were mixed with 10% charcoal (w/v), stirred for 30 minutes and filtered through a suction funnel. The charcoal was eluted with 2 liters of CHC13 -MeOH -H2O (65: 25: 4). The eluate was concentrated and dissolved in 10 nil of CHCl3 -MeOH (1: 3).
Step 3: The solution was dropped slowly in cold ether (1 liter). The floccose precipitates were collected by filtration.
Step 4: The dried precipitate was subjected to countercurrent distribution (Craig apparatus, type Boy 505, Labortec, Buchs, Switzerland) in CHCl3 -MeOH -H2O (2: 2: 1) under the following conditions: Shaking speed 70 movements/minute, shaking time 1 minute, waiting time for phase separation 12 minutes. Fractions containing fengycin were collected, concentrated and lyophilized.
Step 5: The preparation was chromatographed on Sephadex LH-20 (400 ml, 60 cm x 2.9 cm) with MeOH at a flow rate of 15 ml/hour. The active fractions were pooled, evaporated in vacuo and lyophilized.
Step 6: The lyophilizate was applied on a column of silica gel (400 ml, 57 cm x 3 cm, flow rate 30 ml/hour), which was equilibrated and eluted with butanol -EtOH -0.1 % CH3OOOH (1: 4: 1).
Characterization of Fengycin
Antimicrobial Activities: Antifungal activities in culture filtrates and liquid preparations during isolation experiments were determined by agar diffusion tests using Paecilomyces varioti Tu 137 as test organism.
MIC and ID50 were determined by a disc diffusion method. Microorganisms inhibited by at least 100 jig/ml were subjected to further tests using an agar dilution method. The MIC was determined after 24 hours of incubation at 37°C for bacteria and after 2'. 10 days at 28°C or 37°C for fungi.
The hyphal growth on test plates was microscopically observed for morphological changes and compared with controls.
Thin-layer Chromatography: For routine analyses Rf values of the fengycin mixture were determined in saturated glass chambers at 21°C on precoated glass plates with Silica gel 60F 254 (Merck, 5719) using the systems 1 and 2 ( Table 2) . Fengycin was detected with chlorine -4,4'-bis(dimethylamino)diphenylmethane (TDM), water, iodine and Ninhydrin reagent.
Determination of Mutual Influences of Lipids and Fengycin on Fungi
Influences of lipids on the antifungal activity of fengycin were determined by cross-tests11) using Paecilomyces varioti Tii 137 as test organism.
The fengycin antagonism of ergosterol was demonstrated by serial dilution tests with agar media. Paper discs with 10 Il of fengycin solutions (10.0, 3.16 and 1.0 mg/ml) were placed on the test plates composed of malt agar (15 ml), TO 137 spore suspension (250 µl) and ergosterol solutions (750 pl) in acetone (1,000, 316, 100, 31.6 and 10.0 trg/ml). Inhibition zones were observed after 24 hours of incubation at 37°C. Hemolysis Test
Hemolytic activities of fengycin, alamethicin, iturin A, and sodium dodecylsulfate (SDS) were assayed as described by H5UCHEN and FEINGOLD12) , IRMSCHER and JUNG13). Table 2 . Rf values of the fengycin mixture on silica gel TLC.
1. 2.
3.
4.
5.
6.
7.

Solvent system
CHCl3 -MeOH -70% EtOH Table 2) . Fengycins A1 and A2 were too closely related to be separated in preparative scale on TLC. Fengycins B, (major product) and B2 were isolated by silica gel column chromatography (butanol -ethanol -0.1 % acetic acid, 1: 4: 1).
The components of fengycin were also fractionated on HPLC (Fig. 3) to give a high number of peaks due to the different fatty acid residues. Again two B components indicated by X were isolated and analyzed; their amino acid compositions were identical and showed 0.75 equivalents of valine but only 0.16 equivalents of alanine, whereas the component A possessed a higher alanine content.
Chemical Composition
Fengycin components are lipopeptides. According to amino acid analysis (Biotronic, system LC 6000 E), two-dimensional TLC (system 2 followed by system 3, Table 2 ) and combined gas chromato- Analogous to the procedure described for bacillomycin F19 the fatty acids were extracted from the acidic total hydrolysate with chloroform and analyzed as methyl esters by GC-MS. Three of the main peaks (Fig. 5a ) could be correlated to the fatty acids anteiso-pentadecanoic acid (ai-C15), iso-hexadecanoic acid (i-C16) and n-hexadecanoic acid (n-C16). Comparison with gas chromatograms of the hydrogenated fatty acid methyl esters showed that the mixture contained some unsaturated fatty acids (Fig.  5b) , as indicated also in the 13C NMR spectrum of fengycin. From the elemental analysis it can be concluded that fengycin contains most probably three glutamic acid residues and no glutamine.
Spectra
The UV absorption maxima of the fengycin complex at 276 nm in methanol and at 293 nm in alkaline methanolic solution are indicative of tyrosyl peptides.
The IR spectrum of fengycin in KBr ( Mycotypha africana in YMA at 27°C develops normal sporulating hypha and is inhibited by fengy- cin, however, the same fungus in YMG at 37°C grows with budding cells only and is then insensitive against fengycin. This was also observed for other budding fungi (all Endomycetes; budding Basidiomycetes: Rhodotorula, Sporobolomyces).
Morphological changes due to fengycin were obtained in several fungi as bulging, curling or emptying of the hyphae. The different types of morphological aberrations and the minimal concentrations of fengycin which induced them are summarized in Table 4 . RT: Room temperature. Morphological changes have been observed (Table 4) for almost all fengycin-sensitive fungi (Table 3) . For Colletotrichum acutatum and Pleospora herbarum no growth inhibition could be measured but hyphal aberrations were stated. On the other hand, in some sensitive fungi (Basidiobolus, Fusarium, Alternaria and others) no morphological changes were seen. Thus, compared to iturin AL, fengycin exhibits similar MIC values, but it is less toxic for erythrocytes.
Effect of Lipids on the Fengycin Activity
In a cross test, non-diluted egg yolk antagonized the antifungal activity of fengycin. In the same test system cholesterol, ergosterol, phosphatidyl choline, phosphatidyl ethanolamine and phosphatidyl serine antagonized the inhibition of Paecilomyces by fengycin (Table 5) . Phosphatidic acid and phosphatidyl glycerol had weak antagonistic influence. In contrast, cholesterol methyl ether, cis-and trans-vaccenic acid and petroselinic acid increased the fengycin inhibition. Some lipids were toxic for Paecilomyces inhibited by fengycin. In a serial dilution test, the antagonism was observed with 100 pg/ml or more ergosterol in the sub- strate. For a fengycin concentration of 1 mg/ml the inhibition zone on Tii 137 test plates decreased from 17 mm to 7 mm with an increasing concentration of ergosterol from 10 to 1,000 pg/ml. In each case the inhibition zone increased regularly with log c (fengycin) indicating, that the diffusion of the antibiotic was not influenced by ergosterol in the test medium.
Fengycin was chromatographed on TLC in the presence of ergosterol (20 mg/ml) in system 1 ( Table 2) . TLC plates were developed with water and Ninhydrin. The Rf value of fengycin had changed from 0.24 to 0.20 with ergosterol indicating the formation of fengycin-ergosterol complex.
Discussion
Of the possible types of antifungal actions (disturbance of macromolecule biosyntheses, inhibition of energy transfer, interference with membrane and cell wall functions) a primary effect of fengycin on the cytoplasmic membrane appears most probable. Evidence for this assumption was contributed by the results of experiments with lipid fengycin antagonists (Table 5 ) and by the demonstration of a fengycin-ergosterol complex. The different behavior of filamentous and budding colonies of the same fungus towards fengycin (Mycotypha, Table 3 ) may also be explained by a different sterol content of the respective cell membranes.
A certain similarity of fengycin and its sterol-, fatty acid-and phospholipid-antagonism exists with the cyclic lipopeptides of Bacillus species27), the cyclic peptide mycobacillin28,29) and the abnormal polyene compound lipomycin30) and their antagonists. For these antibiotics with similar antagonists, the membrane of the target cell is considered the primary site of action, however, there are individual differences: Mycobacillin is not antagonized by fatty acids, and the cyclic lipopeptides bacillomycin L and iturin A cause hemoglobin release from erythrocytes, whereas fengycin is less toxic for erythrocytes.
